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ABSTRACT
Several non-destructive characterisation tools - 
solar simulator, LBIC, thermography - are used together 
to investigate the performance of and locate possible 
defects in TF silicon PV modules of different structures. 
A special module is investigated where all techniques 
are compared and good agreement is demonstrated. 
1. INTRODUCTION 
Energy conversion performance of thin films (TF) 
becomes a more important issue, in a growing field of 
PV. Tools for the investigation of any variations of 
these are thus also becoming more important, especially 
for mass produced TF technologies. These sometimes 
demonstrate greater variation in performance in 
production batches because there is no pre-sorting 
involved. The weakest cell determines the overall 
module performance and thus these devices are more 
susceptible to unwanted events during production. 
In order to fully characterise localised defects in 
modules, an extended range of characterisation tools is 
required. Several non-destructive methods are currently 
available, probing different indicators. Conventional 
power rating by solar simulator is widely used, 
providing an I-V characteristic of the full module, thus 
giving the global view of electrical parameters. For 
more detailed analysis, a laser beam induced current 
(LBIC) system allows spatially-resolved investigation 
of the light collection in the PV module. Localised areas 
of deposition defects, shunting and interconnection 
problems can be identified through their impact on the 
device output. Technology such as thermography, can 
also play a useful role in module characterisation, 
especially in areas where the module does not absorb 
light such as contacts. Problems show up due to 
elevated resistance and thus temperatures.  
In this paper, single and triple junction amorphous 
silicon (a-Si) PV modules have been fully characterised 
using these three technologies, a specially manufactured 
module, where all cells are contacted separately is used 
to compare these measurement approaches and validate 
them against each other.  
2. EXPERMINENTAL SETUP 
Two types of thin film PV module have been 
investigated; a single (1J) and triple (3J) junction a-Si 
module. The former is a custom-made module of area 
30cm x 30cm, consisting of 27 cells connected in series 
where each cell can be contacted separately. The latter 
is a flexible, 6 series-connected cell 3J module with an 
area of 16.4 cm x 24.4 cm. 
The devices were first measured in a large-area 
multi-flash type solar simulator to obtain PV parameters 
of the module and each cell in the case of 1J module. 
The modules were then measured by LBIC [1]. Both 
area and line scans were performed with lasers of 
different wavelength. The results reported in this paper 
are from measurements at 633 nm unless stated 
otherwise. Forward voltage bias and background light 
were also applied to probe different operating 
conditions during further LBIC scans. Finally, forward 
bias voltages were applied in the dark that maintained a 
current equivalent to the short circuit current and the IR 
camera was used to detect the change of module 
temperature. 
3. RESULTS AND DISCUSSION 
3.1 Solar Simulator 
The I-V characteristic provides the fundamental PV 
parameters e.g. Isc, Voc, FF from which the efficiency is 
calculated. Fig 1  shows the efficiency of each cell in 
the 1J a-Si module as normalised to the maximum value. 
It is obvious that there is a significant variation of 
efficiency where the difference between the best and the 
worst cell is as much as 37%.  The best of the group is 
cell one while the cell with lowest efficiency is found on 
cell eight which also has the lowest Isc and Voc. It is 
interesting to note that the area where there is a cell with 
relatively low efficiency seem to be a defect centre that 
affects the neighbouring cells.  
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Fig 1 Efficiency of each cell from solar simulator. 
Being able to access each cell separately is a 
somewhat artificial case as only two contacts are 
normally accessible if the module is not to be destroyed. 
Thus other approaches need to be employed, which are 
investigated in the following. 
3.2 LBIC 
The LBIC measurement illustrates the module scan 
and line scan of the 1J and 3J a-Si modules. Each data 
point in the map or line scan represents the photocurrent 
signal induced by the laser. Its strength depends on the 
response of that particular area on which the laser beam 
is incident, thereby relaying the absorption and 
collection characteristics of that local PV area. 
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Fig 2 LBIC line scan signal relative to its maximum 
A line scan measurement in Fig 2 was taken around 
the centre of the module across every cell with three 
different measurement conditions; 1) short circuit in the 
dark (solid line), 2) forward bias at 20 V in the dark 
(dashed line), 3) light bias at approximately 300 w/m2 
(dotted line). From the results of a line scan under short 
circuit condition in the dark, the cell to cell variation 
can be clearly seen as for the simulator measurements. 
Again, cell eight has the lowest signal correlating well 
with the simulator results.
With the forward voltage bias applied, most of the 
cell signals are shifted down while the signal of cells 
which have very low response when measured under 
short circuit condition in the dark has increased 
dramatically. It is suggesting that these cells (6, 7, 8, 16 
and 25) are shunted [2]. With light bias applied, nearly 
all cells show an increase signal, indicating some small 
non-linearity at low irradiances, but some cells show the 
opposite. This is due to these cells having a reduced Voc
and thus at these voltages the minimal irradiance of 
supplied by the laser will have a much more significant 
effect than at short circuit conditions.  
Fig 3 LBIC scanning of 1J a-
Si module   
For the full module scan 
under short circuit in the 
dark, the cell to cell variation 
of performance is shown by 
different colours where 
redder areas show higher 
photocurrent and bluer areas (darker area) indicate 
underperforming regions. The photocurrent map not 
only probes the cell to cell performance, but also reveals 
underlying defects. Several small defects have been 
detected. The most obvious one is located at the bottom 
of cell 19, indicated by the circle in Fig 3. 
A line scan by two lasers 633 nm and 785 nm on 
the 3J a-Si module is shown in Fig 4. The signal 
response between the two lasers is nearly an order of 
magnitude different due to the position of the spectral 
laser line being absorbed in two junctions. It shows that 
for the line measured with the 785 nm laser, the signal 
drops sharply at the edge of each cell, unlike that 
scanned with the 633 nm laser where the current is 
relatively constant throughout the cell. This could be 
caused by the internal reflection at the edge of the cell.  
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Fig 4 Signal from 3J a-Si module line scan by 633 nm 
and 785 nm laser as relative to its maximum. 
3.3 IR Thermography 
The poorest cell indicated by both the simulator and 
LBIC is demonstrated again by the IR camera imaging 
in Fig 5. For the 1J module in forward bias condition, 
two obvious hotspots (circled) have been detected, 
which unsurprisingly are located on cell eight. This 
could be the shunting effect or inter-connection problem 
as it is getting hot when 
bias is applied due to a 
relatively large amount of 
current flow. This problem 
area could develop during 
working operation and 
further contribute to 
efficiency degradation. 
Fig 5 IR camera on 1J a-Si  
4. CONCLUSIONS  
Good agreement from various characterisation tools 
points to the same direction where the most under-
performing cell is identified. Thus it is demonstrated 
that LBIC and thermographic techniques are 
complementary and provide detailed cell information 
even for two terminal commercial modules.  
The LBIC line scanning option and IR camera 
imaging have been demonstrated as quick and effective 
quality assurance tools, with detailed analysis possible 
through a slower but more rigorous full area scanning 
LBIC option. This can be run with the test module 
under different operating conditions to extract a large 
amount of data on the nature of observed defects and 
with multiple lasers to probe individual subcells in 
multijunction devices.  
REFERENCES 
[1] P. Vorasayan, T. R. Betts, R. Gottschalg, and A. 
N. Tiwari, "Structural Analysis of Thin Film 
Silicon PV Modules by Means of Large Area 
Laer Beam Induced Current Measurements" 
Proceeding of the 21st EU PVSEC, Dresden, 
Germany, (2006). 
[2] I. L. Eisgruber, R. J. Matson, J. R. Site, and K. 
A. Emery, "Interpretation of Laser Scans from 
Thin-Film Polycrystalline Photovoltaic 
Modules," Proceeding of the 1st WCPEC,
Hawaii, Usa, (1994).
917 1019 818 626 71516 14 1312 112425 2322 2120 235 4 1
0
1
